Total synthesis of naturally occurring microcarpalide and herbarumin III are described. The ringclosing metathesis (RCM) approach to coin the medium sized rings present in their molecular structures form the basic premise of this investigation.
Introduction
Medium ring compounds having a ring size between 8 to 11 1 are increasingly being isolated from natural resources. By the virtue of their biological significance, the synthesis of these natural products has attracted attention of many groups. This article describes the RCM based approaches to the total synthesis of two medium ring sized natural products microcarpalide (1) and herbarumin III (4) . Bio-assay guided purification of fermentation broth of Ficus microcarpa L led to the isolation of microcarpalide 2a (1) , structurally related to a family of phytotoxins 3 but differs in the hydroxylation pattern, the double bond position within the 10-membered lactone and the length of the side chain at C-10. Microcarpalide 4 possesses microfilament disrupting activity. On similar lines, fermentation broth and mycelium of the fungus Phoma herbarum produced three new phytotoxic nonenolides named as herbarumin (I-III) (2) (3) (4) . Herbarumin I-III interacts with bovine-brain calmodulin and inhibits the activation of the calmodulin-dependent enzyme camp phosphodiesterase. With RCM 5 reaction destined to provide the oxecin ring framework, it was apparent that micrcarpalide (1) was disassembled into fragments 5 and 6 having terminal olefins group whilst the hydroxyl and acid groups at the other ends of 5 and 6 ensured their union through esterification. 6 Both the fragments (5 & 6) containing two chiral centers were realized by facile zinc mediated elimination 7 and Sharpless asymmetric dihydroxylation 8 as delineated in Scheme 1. 
Results and Discussions
Total synthesis of microcarpalide (1) D-mannose was converted into the conjugated ester derivative (13) by a reported sequence.
11,12
Subsequent treatment of 13 with DIBAL-H in CH 2 Cl 2 at -78 °C for 1h afforded the allyl alcohol whose primary hydroxyl was protected as the MEM-ether (14) . 13 The structural identity was secured by the interpretation of the 1 H NMR spectrum. For example, two singlets resonated at δ 4.67 and δ 3.4 were attributed to methylene and methoxyl groups of MEM. 14 was hydrogenolysed in the presence of Pd/C and consequently exposed to LAH in THF to produce the diol derivative (16) . In order to introduce iodide at C-1, the protection-deprotection [14] [15] [16] sequence on 16 was performed to obtain the primary hydroxyl derivative (17). Treatment of 17 with I 2 , TPP and imidazole in toluene at room temperature led to the formation of 7 in 40% yield. Addition of Et 3 N marginally improved the yield of 7 (45%), however, the formation of the cyclized product 18 (15%) was also noticed (Scheme 4). 17a The iodination reaction carried out in the presence of I 2 , TPP and imidazole but in benzene-ether (2:1) medium 17b provided 7 in 86% yield. In the 1 H NMR spectrum of 7, the resonances due to CH 2 I were located at 3.12 as a triplet (J = 10.4 Hz), and at 3.27 as a doublet of doublet (J = 10.4, 3.3 Hz) (Scheme 5). were observed. The dibenzyl derivative 20 was produced by desilylation 12 followed by benzylation and deprotection of MEM group. 18 Compound 21 was transformed into the acid derivative in two steps which first involved Swern oxidation and reaction with aqueous NaClO 2 in DMSO and phosphate buffer. H NMR and 13 C spectra of 5 were compatible with the assigned structure (Scheme 5).
The journey toward the synthesis of 6 began with commercially available 1-heptanal (22) , which upon two-carbon Wittig homologation with Ph 3 P=CHCO 2 Et in benzene at 80 °C gave 9 as a mixture of trans and cis isomers in the ratio of 85:15. 20 They were separated by silica gel chromatography and the major trans isomer was subjected to Sharpless asymmetric dihydroxylation procedure 8 in the presence of (DHQ) 2 13 C NMR spectra and elemental analysis (Scheme 6).
Enatiomeric purity of 23 was estimated to be 97.5% ee, by chiral HPLC analysis of the corresponding dibenzoate using a chiracel OD column (1% i-propanol/n-hexane, flow rate 2.0 mL/min, λ = 225 nm). The diol 23 was treated with 2,2-dimethoxypropane-cat. p-TSA, reduction with DIBAL-H in CH 2 Cl 2 at -78 o C followed by tosylation gave 24. 21 Acid hydrolysis, 22 cyclisation with K 2 CO 3 in MeOH followed by protection of hydroxyl group as the MEM group to afford 8. The 1 H NMR, 13 C NMR spectra and elemental analysis were in accordance with the structure of 8. The ring opening reaction of the oxirane 8 with vinyl magnesium bromide in THF at 0 o C led to a mixture of products in which the require product 6 was formed as a minor product. This was partly attributed to side reactions particularly iodide mediated ring opening reaction (Scheme 6). However, the two step sequence involving opening of epoxide ring with lithium acetylide-EDA complex 23 However, this treatment resulted in the simultaneous removal of MEM as well benzyl ethers and led to the formation of microcarpalide (1) whose NMR spectrum in CD 3 CN revealed two slowly inter-converting conformers in a ration of 76:24. The resonances due to H-10 were seen at 4.81 ppm for the major conformer and at 4.63 ppm for the minor. This conformer ratio is identical to the 3.5:1 value reported for natural product in the in the same solvent.
Total synthesis of herbarumin III (4)
The synthesis of herbarumin III began with the preparation of fragment 11 from D-glucose. The 3-deoxy-derivative 25a-b of diacetonide-D-glucose selectively deprotected and then cleaved 26 to
give the aldehyde 30 which was treated with EtPPh 3 Br and n-BuLi at -78 o C and then hydrogenated by using 10% Pd/C to afford the n-propyl sugar derivative 31 (Scheme 9). The RCM of 10 in the presence of Grubbs' 2nd generation catalyst was efficient and high yielding, thus giving rise to dimmer as a minor product. The structure of 4 was confirmed by comparision of spectroscopic and optical rotation with reported values.
Experimental Section
General Procedures. Solvents were purified and dried by standard procedures before use. Column chromatography was carried out with silica gel (60-120 mesh). Infrared spectra were recorded with Shimadzu IR 420 and Perkin-Elmer 683 spectrometers. NMR spectra were recorded on Bruker AC-200 and Bruker DRX-500 machine in CDCl 3 with TMS as internal standard. Mass spectra were obtained with Finningen MAT 1210 mass spectrometer. Optical rotations were measured with digital polarimeter. Elemental analysis was done on elemental analyzer model 1108 EA. All reactions were monitored on 0.25 mm E-Merck pre-coated silica gel (TLC) plates (60F-254) with UV or I 2 , anisaldehyde reagent in ethanol. Petroleum ether refers to mixture of hexanes with bp 60-80 o C. The above product (3.5 g, 11.43 mmol), DIPEA (3 mL), MEM-Cl (1.6 mL, 13.68 mmol) in CH 2 Cl 2 (20 mL) were stirred at rt for 10 h and concentrated. The residue was dissolved in ethyl acetate, washed with water, brine and dried (Na 2 SO 4 ). Solvent was evaporated and the residue purified on silica gel by eluting with light petroleum: EtOAc (3:2) to afford 14 (3.51 g, 78%) as a colorless liquid. 1 3-Deoxy-5,6-dideoxy-1,2-O-isopropylidene-α-D-ribohept-5-enofuranoside (30) . Compound 29 (12.0 g, 48.75 mmol) was stirred with 0.8% H 2 SO 4 (10 mL) in methanol (300 mL) at ambient temperature for 12 h. After completion of the reaction (checked by TLC), the reaction mixture was neutralized with solid NaHCO 3 , filtered, concentrated and extracted with ethyl acetate. The combined organic layers were dried over Na 2 SO 4 and concentrated. The residue was purified by silica gel column chromatography using acetone: ethyl acetate (1:4) 4 was refluxed for about 6 h. Then reaction mixture was brought to rt, neutralized by addition of solid sodium carbonate. It was partitioned between ethyl acetate and water, the organic layer was washed with brine, dried over Na 2 SO 4 , concentrated to obtain the crude product which was passed through a short bed of silica gel using ethyl acetate: light petroleum (1:1) to afford the pure lactol 32 (3.14 g, 93%). This unstable product was used immediately in next step without characterization. (3.14 g, 21.50 mmol) in THF (30 mL) was slowly added while maintaining the reaction temperature 0 o C. The reaction mixture was brought to rt slowly and allowed to stir for additional 11 h. The reaction mixture was quenched with saturated ammonium chloride solution, extracted with ethyl acetate (3x100 mL) and the combined organic layers were washed with brine, dried (Na 2 SO 4 ), concentrated to get the crude product which was purified by silica gel column chromatography using ethyl acetate: light petroleum ( To a solution of above ester (500 mg, 1.38 mmol) in acetronitile (10 mL) and water (0.5 mL) was added 2,3-Dichloro-5,6-dicyano benzoquinone (DDQ) (407 mg, 1.79 mmol). Reaction mixture was stirred at rt for 30 min. After completion (monitored by TLC), the reaction mixture was extracted with ethyl acetate (3x40 mL). The combined organic fractions were washed with saturated sodium bicarbonate solution followed by brine, dried (Na 2 SO 4 ), concentrated to afford the crude product which was on purification by silica gel column chromatography using acetate: light petroleum (1:19) afforded compound 10 as a oily liquid (313 mg, 94 % 
2,3-O-Isopropylidene-5,6-dideoxy-7-O-[(2-methoxyethoxy)methyl]-α-D-lyxo-heptofuranose (15).

Herbarumin III (4)
Ring closing metathesis of diene 10 with first generation Grubbs' catalyst. A mixture of 10 (100 mg, 0.40 mmol) in anhydrous CH 2 Cl 2 (100 mL) and Grubbs' first generation catalyst (45 mg, 0.05 mmol) was degassed with argon for 15 min and refluxed for 4 days by the time TLC showed the consumption of only half of the starting diene. At this stage, the reaction was stopped and allowed to bring to room temperature. Solvent was removed under reduced pressure to leave highly dark brown colored residue. The crude product was purified by column chromatography using ethyl acetate: light petroleum (1:9) to afford herbarumin III (4) as colorless liquid (31 mg, 36 %). 
